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(54) METHOD OF ACQUIRING IMMUNOLOGICAL TOLERANCE 



(57) The aim of the present invention is to provide a 
method of acquiring immunological tolerance to a for- 
eign DNA or its expression product whereby the foreign 
DNA such as a vector carrying a foreign gene incorpo- 
rated thereinto or its expression product can be recog- 
nized not as non-self but as self; a method of sustaining 
a gene therapeutic effect whereby a rejection to a for- 
eign DNA such as a vector carrying a foreign gene in- 
corporated thereinto or its expression product can be 
avoided; and a non-human animal which has acquired 



immunological tolerance to a foreign DNA such as a 
vector carrying a foreign gene incorporated thereinto or 
its expression product. A fetal T lymphocytes trans- 
ferred with a foreign DNA, such as a foreign gene-incor- 
porated viral vector, are introduced into thymus and said 
foreign DNA is expressed in the thymus organ. The 
methods of transferring said foreign DNA into a fetal T 
lymphocyte include, for example, co-cultivating the fetal 
T lymphocytes with viral vector-infected virus producer 
cells. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a method of 
acquiring immunological tolerance, by fetal T lym- 
phocyte-mediated DNA transfer into thymus, to a for- 
eign DNAsuch as a viral vector-derived component and/ 
or its expression product, a method of sustaining a gene 
therapeutic effect whereby a rejection raised in gene 
therapy to a foreign DNA and/or its expression product 
can be avoided, and a non-human animal such as a 
mouse or the like that has acquired immunological tol- 
erance to a foreign DNA such as a viral vector-derived 
component and/or its expression product. 

BACKGROUND OF THE INVENTION 

[0002] A living organism generally does not display 
immune response to a self-composing antigen. This is 
called natural or innate immunological tolerance. On the 
other hand, even if an antigen is originally heterogene- 
ous to a living organism, it may not react to the immune 
response which is displayed on dosing of the antigen, 
depending on when it is dosed (especially at viviparous 
period and neonatal period), how it is dosed (for exam- 
ple using immunosuppressant), and in what form it is 
dosed (e.g. a denatured substance is removed before 
dosing protein antigen). This is called acquired toler- 
ance. Immune response is generally thought as celullar 
or humoral response to a non-self on having distin- 
guished self from others (non-self). Self and non-self is 
distinguished by an antigen receptor located on the lym- 
phocyte surface. When a substance is recognized as 
being non-self, lymphocytes proliferate to demonstrate 
cytotoxity or produce antibody to the substance. How- 
ever, at the primary recognition stage by lymphocytes, 
a step is necessary in which a foreign substance (non- 
self) is incorporated into dendritic cells or macrophages, 
and is then presented in a way as to be recognized by 
T lymphocytes. Thus the self/non-self recognition is 
thought to occur at the interaction level of dendritic cells 
or macrophages, and T lymphocytes. 
[0003] Meanwhile, gene therapy, in which a foreign 
gene, obtained from such as recombinant DNA experi- 
ments is transferred into a patient's somatic cell in order 
to treat the patient's gene disease, through the gene 
function, has now been applied to various gene diseas- 
es such as cancer, immunodeficiency, cardiovascular 
diseases, or the like. But what prevents gene therapy 
most from being brought in practice is the immune re- 
sponsiveness to a component of a vector (a vehicle for 
gene transfer) used for gene transfer, as mentioned 
above. In other words, the technique of gene transfer 
into cells has almost been completed, but the problem 
remains in that a vector should be used anyway for gene 
transfer. The known gene transfer methods using a vec- 
tor involve viral vector methods using various kinds of 



virus systems such as retrovirus, adenovirus, lentivirus 
and the like; liposome methods in which a membrane 
encompassing DNA is fused with the cell; microinjection 
methods wherein a gene is transferred directly into the 
5 cell; and a method using Sendai virus (HVJ) which 
shows high affinity with the cell, wherein the size of in- 
serting DNA will not be restricted (J. Biol. Chem. 264, 
12126-12129, 1989, J. Biol. Chem. 266, 3361-3364, 

1991, Bioche. Biophys. Res. Commun. 186, 129-134, 

1992, Circ. Res. 73, 898-905, 1993, Science 243, 
375-378, 1989, J. Clin. Invest 94, 978-984, 1994). 
[0004] In any of the above mentioned gene transfer 
techniques, a transfer vector is foreign to human body, 
thus immune response is caused to the vector compo- 
nent resulting in the rejection of the vector by the living 
body sooner or later (generally within two weeks to a 
month). In case of viral vector, for example, a vector 
component is expressed as a>protein in the infected cell, 
which protein subsequently is expressed as a peptide 
on the cell surface. The vector-derived peptide is then 
recognized by T lymphocytes that consequently kill the 
infected cell so that the vector (virus) is rejected. Thus 
the present gene therapy has succeeded in gene trans- 
fer itself, but a defect still remains that a long-sustaining 
effect has not successfully been attained. 
[0005] Further, there are methods of acquiring immu- 
nological tolerance such as a method inducing immuno- 
logical tolerance to mammal animals by not making 
them intake a fat-soluble component or a substance in- 
cluding fat-soluble component simultaneously with the 
antigen (Japanese Laid-Open Patent Application No. 

9- 194393). Also a method is known which uses a phar- 
maceutical preparation having a medicament as its ef- 
fective component which has no substantial pharmaco- 
logical effect when orally dosed, meanwhile showing the 
effect when injected, which effect, however, diminishes 
when injected repeatedly. Said pharmaceutical prepa- 
ration is composed of a preparation for oral dose includ- 
ing the medicament with enough dose/unit to induce oral 
immunological tolerance and a preparation for injection 
including the medicament that is to be administrated af- 
ter the oral immunological tolerance has been induced 
(Japanese Laid-Open Patent Application No. 

10- 298101). Furthermore there is a method which uses 
an artificial organ in order to establish immunological tol- 
erance in the recipient. Said artificial organ is prepared 
by removing an organ from an animal showing specific 
immunological tolerance to the recipient. Thus periph- 
eral immune mechanism composed of lymphocytes or 
the like of the transplanted organ will not attack human 
histocompatibility complex when transplanted to the re- 
cipient, which results in good survival of the transplanted 
organ (Japanese Laid-Open Patent Application No. 
9-187470). 

THE PROBLEM TO BE SOLVED BY THE INVENTION 
[0006] The report (Cell 86, 243-251 , 1 996) describes 
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a method of direct gene transfer mediated by retrovirus 
in FTOC (fetal thymus organ culture) and the role of 
MAP kinases in T lymphocyte development. Up to the 
present attempts have been made to transfer genes into 
thymus, which turned out to be so inefficient even when 
normal animals were used. These attempts displayed 
poor effect in suppressing a rejection caused by the ex- 
isting T lymphocytes and it was not useful in practice 
(FASEB. J. 6, 2853-2858, 1992, Ann. Surg. 222, 
229-242, 1995, J. Clin. Invest. 98, 2640-2647, 1996). 
[0007] The present inventors performed transdermal 
or intraperitoneal injection to a mouse, an individual 
model animal which is to undergo gene therapy, with 
pGD-GFP, a combination of GFP (green fluorescent 
protein) gene and retroviral vector (pGD). They have 
found that the mouse displayed immune response to the 
vector component, which results in the diminishment of 
the viral vector carrying GFP gene within 2weeks or a 
month. They have also found out that no immune re- 
sponse was observed when using immunodeficiency 
mouse deficient of T lymphocytes. This is because of T 
lymphocyte-mediated cellular immune response, that is 
T lymphocytes recognized a vector gene , which is useful 
for gene disease therapy, or its expression product as 
non-self and eliminated it. 

[0008] The subject of the present invention involves 
providing: a method of acquiring immunological toler- 
ance to a foreign DNA such as a vector carrying a for- 
eign gene incorporated thereinto or its expression prod- 
uct, wherein a foreign DNA, such as a vector carrying a 
foreign gene useful for gene disease therapy, or its ex- 
pression product is recognized as "self and not as "non- 
self; a method of sustaining a gene therapeutic effect 
whereby a rejection to a foreign DNA, such as a foreign 
gene-incorporated vector or its expression product can 
be avoided; and a non-human animal which has ac- 
quired immunological tolerance to a foreign DNA such 
as a foreign gene-incorporated vector or its expression 
product. 

DISCLOSURE OF THE INVENTION 

[0009] The present inventors have made a keen study 
on the method of avoiding immune response to a vector 
for gene transfer by re-educating the in vivo T lym- 
phocyte system so as to in vivo T lymphocytes recog- 
nize the component of viral vector for gene transfer as 
"self, not as "non-self. They have found out the follow- 
ings through their study. With their gene transfer tech- 
nique into fetal T lymphocyte in thymus (J. Immunol. 
161, 2888-2894, 1998, Immunity 9, 565-574, 1998), a 
pGD-GFP gene was transferred into a mouse fetal T 
lymphocyte, which gene-transferred cell was purified 
through fluorescent staining using the GFP expression. 
Then a normal mouse was exposed to a low radiation 
to transiently suppress T lymphocytes of the mouse, 
subsequently the gene-transferred fetal T lymphocytes 
were introduced into its thymus. When the normal 



mouse had recovered from the radiation, it was 
transdermal^ or intraperitoneally injected with pGD- 
GFP retrovirus. As an effect of pre-treatment of fetal T 
lymphocytes, the expression of gene-transferred GFP 
5 in the mouse was sustained for a long period. This 
means anti-vector immune response was avoided and 
sustaining gene therapy could be conducted, and thus 
the present invention was completed. 
[0010] Immune response to a foreign substance other 
than the vector component was kept normal in the above 
experiment. Therefore, it is made clear that the mouse 
immune system is not damaged as a whole, that the 
specific immunonogical tolerance to a vector for gene 
therapy is induced, and that a vector for gene transfer 
in other organs can be expressed without any problem 
right in fetal T lymphocytes. With this method, a gene 
can be transferred efficiently into thymus, a central or- 
gan for self/non-self recognition, by mediation of fetal T 
lymphocytes. This leads to an efficient expression of the 
vector component in thymus organ, wherefrom the effi- 
cient self-tolerance of T lymphocytes is established. 
[0011] The present invention, therefore, relates to a 
method of acquiring immunological tolerance to a for- 
eign DNA and/or its expression product characterized 
in that the foreign DNA is transferred into thymus medi- 
ated by fetal T lymphocytes (Claim 1); a method of ac- 
quiring immunological tolerance to a foreign DNA and/ 
or its expression product according to Claim 1, charac- 
terized in that a foreign-DNA-transf erred fetal T lym- 
phocyte is introduced into thymus and said foreign DNA 
is expressed in thymus organ (Claim 2); a method of 
acquiring immunological tolerance to a foreign DNA 
and/or its expression product according to either of 
Claims 1 or 2, characterized in that the foreign DNA is 
DNA which at least comprises a gene coding for a sub- 
stance causing allergic diseases or a substance causing 
auto-immune diseases (Claim 3); a method of acquiring 
immunological tolerance to a foreign DNA and/or its ex- 
pression product according to either of Claims 1 or 2, 
characterized in that the foreign DNA is DNA which at 
least comprises a gene coding for a peptide therapeutic 
medicament (Claim 4); a method of acquiring immuno- 
logical tolerance to a foreign DNA and/or its expression 
product according to any one of Claims 1 to 4, charac- 
terized in that the foreign DNA is DNA which at least 
comprises a vector (Claim 5); a method of acquiring im- 
munological tolerance to a foreign DNA and/or its ex- 
pression product according to Claim 5, characterized in 
that the vector is a viral vector for transferring a foreign 
gene (Claim 6); and a method of acquiring immunolog- 
ical tolerance to a foreign DNA and/or its expression 
product according to Claim 6, characterized in that the 
viral vector is a vector derived from retrovirus, adenovi- 
rus, or lentivirus (Claim 7). 

[0012] The present invention further relates to a meth- 
od of sustaining a gene therapeutic effect characterized 
in that a foreign DNA in gene therapy is transferred into 
thymus mediated by fetal T lymphocytes (Claim 8); a 
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method of sustaining a gene therapeutic effect accord- 
ing to Claim 8, characterized in that immune response 
caused by a foreign DNA and/or its expression product 
is avoided by introducing a foreign-DNA-transferred fe- 
tal T lymphocyte in gene therapy into thymus, and by 5 
expressing a foreign DNA in thymus organ (Claim 9); a 
method of sustaining a gene therapeutic effect accord- 
ing to either of Claims 8 or 9, characterized in that the 
foreign DNA is DNA which at least comprises a vector 
(Claim 10); a method of sustaining a gene therapeutic 
effect according to Claim 10 characterized in that the 
vector is a viral vector for transferring a foreign gene 
(Claim 11); and a method of sustaining a gene thera- 
peutic effect according to Claim 11 characterized in that 
the viral vector is a vector derived from retrovirus, ade- 
novirus, or lentivirus (Claim 12). 
[0013] The present invention still further relates to a 
non-human animal that has acquired immunological tol- 
erance to a foreign DNA and/or its expression product 
characterized in that the foreign DNA is transferred into 
thymus mediated by fetal T lymphocytes (Claim 13); a 
non-human animal that has acquired immunological tol- 
erance to a foreign DNA and/or its expression product 
according to Claim 13, characterized in that a foreign- 
DNA-transferred fetal T lymphocyte is introduced into 
thymus and said foreign DNA is expressed in thymus 
organ (Claim 14); a non-human animal that has ac- 
quired immunological tolerance to a foreign DNA and/ 
or its expression product according to either of Claims 
13 or 14, characterized in that the foreign DNA is DNA 
which at least comprises a vector (Claim 1 5); a non-hu- 
man animal that has acquired immunological tolerance 
to a foreign DNA and/or its expression product accord- 
ing to Claim 1 5 characterized in that the vector is a viral 
vector for transferring a foreign gene (Claim 16); a non- 
human animal that has acquired immunological toler- 
ance to a foreign DNA and/or its expression product ac- 
cording to Claim 16 characterized in that the viral vector 
is a vector derived from retrovirus, adenovirus, or lenti- 
virus (Claim 17); a non-human animal that has acquired 
immunological tolerance to a foreign DNA and/or its ex- 
pression product according to any one of Claims 13 to 
1 7, characterized in that the non-human animal belongs 
to rodents (Claim 18); and a non-human animal that has 
acquired immunological tolerance to a foreign DNA and/ 
or its expression product according to Claim 18 charac- 
terized in that the non-human animal which belongs to 
rodents is a mouse (Claim 19). 

BRIEF DESCRIPTION OF DRAWINGS 

[0014] 

FIG.1. A drawing showing the composition of the 
vector used for gene transfer of the present inven- 
tion. 

FIG. 2. A drawing showing the analytical result of 



gene-transferred fetal T lymphocytes and virus pro- 
ducer cells by forward and side scatter. 

FIG. 3. A drawing showing the result of immune re- 
sponse of a mouse that is introduced with gene- 
transferred fetal T lymphocytes into its thymus. 

THE BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0015] The method of the present invention for acquir- 
ing immunological tolerance to a foreign DNA and/or its 
expression product is characterized in that a foreign 
DNA is transferred into thymus mediated by fetal T lym- 
phocytes. It is in particular characterized in that a fetal 
T lymphocyte, that has been transferred a foreign DNA, 
is introduced into thymus and said foreign DNA is ex- 
pressed in thymus organ. 

[0016] A foreign DNA of the present invention means 
DNA that does not originally exist in an animal which is 
to acquire immunological tolerance, wherein a transla- 
tion product of the DNA is recognized as non-self to the 
animal. Also, a foreign gene of the present invention 
means a gene that does not originally exist in an animal 
which is to acquire immunological tolerance, wherein a 
translation product of the gene is recognized as non-self 
to the animal. As said foreign DNAs, such as a foreign 
gene, a vector, a vector incorporated with a gene of the 
interest, and the like are specifically exemplified. Also, 
the followings are enumerated as examples of foreign 
genes; such as genes coding for at least substances 
causing allergic or auto-immune diseases, especially 
genes coding for a substance causing serious allergic 
disease and a substance causing auto-immune diseas- 
es such as MBP (myelin basic protein) molecule that 
causes chronic rheumatoid arthritis (RA) or the like; and 
genes coding for at least a peptide anti-cancer agent, a 
peptide pharmaceutical medicament for diabetes, or the 
like. Further, a viral vector for such as transferring the 
above-mentioned foreign gene, a plasmid vector, a 
pharge vector, a yeast artificial chromosome (YAC) vec- 
tor or the like are exemplified as vectors. Among these, 
viral vectors, especially viral vectors derived from such 
as retrovirus, adenovirus, or lentivirus are preferable in 
that they show considerably high transformation effi- 
ciency when infected as virus particle. When using one 
of these viral vectors, it is preferable to infect a host cell 
with the viral vector and to use it as a virus producer cell. 
[0017] Fetal T lymphocytes of the present invention 
means T lymphocytes before they develop to mature T 
lymphocytes that express antigen receptors and func- 
tional co-receptors CD4/CD8, etc. It can be obtained, 
for instance, by fractioning/purifying from mature thy- 
mus lymphocytes, or from thymus lobes of embryonic 
day (ED) 1 4 to 1 8. Thymus lobes of embryonic day (ED) 
14 to 15 exist at the upper heart such that left and right 
lobes exist individually. Thymus lobes at this stage is 
preferred to use in that they, being transparent spheres, 
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are easy to be distinguished from peripheral organs and 
they do not allow mature T lymphocytes to immix. 
[0018] As the methods of transferring a foreign DNA 
of the present invention into fetal T lymphocytes, the 
gene transfer technique (J. Immunol. 161, 2888-2894, 
1998, Immunity 9, 565-574, 1998) developed by the 
present inventors is exemplified as a preferable one in 
that a foreign DNA-transferred cell can be differentiated/ 
matured in thymus organ, an educational organ for T 
lymphocytes. Said technique involves a method where- 
in fetal T lymphocytes and virus producer cells are co- 
cultured; the gene-transferred fetal T lymphocytes are 
separated by forward and side scatter benefiting from 
their smaller size and lower density than those of virus 
producer cells; and fetal T lymphocytes having viability 
are separated/purified by fluorescence-activated cell 
sorter. The technique also involves a method that is car- 
ried out by separating/purifying the gene-transferred fe- 
tal T lymphocytes through distinguishing from fibroblast- 
derived virus producer cells by sorting GFP + CD45 + cells 
with flow cytometry cell sorter by using an antibody, 
which is stained, to hematopoietic cell marker CD45. 
[0019] Immunological tolerance to an expression 
product of a foreign DNA of the present invention can 
be acquired, for instance, by the following procedures. 
A vector is transferred into a fetal T lymphocyte obtained 
by the methods described above, wherein the vector is 
incorporated with a gene of interest such as said foreign 
gene etc. The vector-transferred fetal T lymphocyte is 
then introduced into thymus by direct or intravenous in- 
jection into thymus followed by the expression of the for- 
eign DNA in thymus organ, where, at the same time, 
immune response that was developed by the foreign 
DNA can be avoided 

[0020] The method of sustaining gene therapy effect 
is characterized in transfer of a foreign DNA of gene 
therapy into thymus by mediation of fetal T lymphocytes. 
Especially it is characterized in that immune response 
caused by a foreign DNA and/or its expression product 
can be avoided for a long time, i.e. more than a month, 
through introducing fetal T lymphocytes transferred with 
foreign DNA of gene therapy into thymus, thereby said 
foreign DNA is expressed in thymus organ. The suste- 
nance of gene therapy effect will be attained when a for- 
eign DNA useful for gene therapy is used as a foreign 
DNA in a method of acquiring immunological tolerance 
to the above-mentioned foreign DNA and/or its expres- 
sion product. 

[0021] A non-human animal of the present invention 
that have acquired immunological tolerance to a foreign 
DNA and/or its expression product is characterized in 
that the foreign DNA is transferred into thymus mediated 
by fetal T lymphocytes. Especially it is characterized in 
that a fetal T lymphocyte transferred with a foreign DNA 
is introduced into thymus, thereby said foreign DNA is 
expressed in thymus organ. As these non-human ani- 
mals, non-human mammals such as mice, rats, rabbits 
or the like can be exemplified, among them, mice are 



most preferable because of the easiness in breeding or 
using them, and so on. The present invention is now 
demonstrated in more detail with the embodiments 
where a non-human animal is a mouse, but the technical 
5 scope of the invention is not limited to these embodi- 
ments. 

Embodiment 1. (Preparation of culture solution) 

10 [0022] Culture solution (10%FCS-RPMI1640) was 
prepared by adding 10% fetal calf serum (FCS), which 
was pre-treated for 30 min at 56°C, to RPMI1640 [a me- 
dium including at the final concentration, 50 \x M 2-mer- 
captoethanol (Sigma Chemicals), 10mM HEPES (Gibco 
*5 BRL), 2mM L-glutamine (Gibco BRL), 1 x non-essential 
amino acids (Gibco BRL), 1 mM sodium pyruvate (Gibco 
BRL), 100U/mt penicillin (Gibco BRL), and 100 n g/ml 
streptomycin (Gibco BRL)]. All of the procedures were 
performed under aseptic conditions in a clean hood. 

20 

Embodiment 2. (Harvest of mouse fetal thymus lobes) 

[0023] Mice of pregnant day 15 or 16 were killed by 
cervical dislocation. Abdomens of mice were wiped with 
25 70% ethanol, then fetus-filled uteri were taken out and 
placed on 100-mm sterilized dish. The fetuses were tak- 
en out from uteri and transferred to a 100-mm sterilized 
dish containing 20-30ml medium of Embodiment 1 . The 
blood and remaining debris were removed by swirling 
30 the dish gently for 2 or 3 times. The mice fetus was 
placed under a microscope. The chest of the fetus was 
gently opened and two thymus lobes were taken out, 
and they were placed on a gauze to remove the blood. 
Finally the mouse fetal thymus lobes were obtained. 

35 

Embodiment 3. (Preparation of culture wells) 

[0024] A piece of sterilized Helistat sponge (Colla- 
Tec, Inc., Plainsboro, NJ 08536) was placed in a culture 

40 well of a 24-well plate (16mm diameter, sterilized). The 
culture well was added 1ml medium of Embodiment 1. 
The smooth side of the sponge piece was faced up and 
a sterile PC (policarbonate) filter membrane (Costar, 
Nucleopore Corp. PC membrane, #110409, 113mm di- 

45 ameter) was placed on the sponge. The filter membrane 
was flipped with forceps so that the both sides of the 
filter membrane were completely wet with the medium, 
subsequently 0.5ml of the mediumwas gently removed 
from the well. The final medium was prepared to be 

50 0.5ml per well. 

Embodiment 4. (Organ culture of fetal thymus lobes) 

[0025] 4 to 6 thymus lobes obtained from Embodi- 
55 ment 2 were placed on the filter membrane on the 
sponge in the culture well prepared in Embodiment 3., 
and then cultured in C0 2 incubator under the condition 
where the thymus lobes did not sink in the culture me- 
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dium solution. 

Embodiment 5. (Preparation of single-cell suspension 
after organ culture of fetal thymus) 

[0026] 1 00 [l\ of the Staining buffer [phosphate buffer 
saline (PBS) including 0.2% bovine serum albumin 
(BSA) and 0.1 % NaN 3 , pH7.2] was dropped to the cent- 
er of the reverse side of the lid of a 30-mm dish. The 
thymus lobes cultured in Embodiment 4 were trans- 
ferred into the drop, and the number of lobes were 
counted using #7 forceps. Next, a small piece of nylon 
mesh (about 5mm 2 ) was placed on the buffer into which 
the thymus lobes were transferred. Using 26-gauge 
needles with bent tips (top 5mm, 90° angle) and 1-ml 
syringes, thymus lobes were gently teased while push- 
ing the needles and syringes to the nylon mesh. The 
obtained single-cell suspension was transferred to a 
plastic tube in the syringes, then the number of the cells 
were counted to prepare a cell suspension of a given 
concentration. 

Embodiment 6. (Production of virus producer cells) 

[0027] DNA of 740 bp encoding S65T mutant pre- 
pared from GFP gene (Clonetech) was cloned into Bc1 1 
site of pGD* (FIG.Ia) or into Hpal site of pMSCV (FIG. 
1b). The recombinant vector obtained by the cloning 
was transfected to GP+E-86 cells. GFP hi 9 h clones were 
separated from G418 resistant cells using FACS Van- 
tage cell sorter (Becton Dickinson). The diluent of filter 
supernatant obtained from separated clones were cul- 
tured for a day with G418 resistant cells of NIH-3T3 
(ATCC CRL-1658), then the viral titer was measured. 
Virus producer cells (GP+E-86 cells infected with re- 
combinant vector) with viral titer of more than IG^CFU/ 
ml were used in the embodiments below. 

Embodiment 7. (Production of virus-infected fetal T 
lymphocytes) 

[0028] Suspension of single-cell fetal T lymphocytes, 
obtained in the above Embodiment 5., was pipette- 
transferred to a 96-flat well to finally make 0.5-2x1 0 4 
fetal T lymphocytes per well. Subsequently the above- 
mentioned virus producer cells, pre-treated with trypsin 
and cultured for a day, were added 2-5x1 0 3 cells/well, 
and they were mixed in the well. The mixture was then 
cultured for 1-2 days in the presence of mouse recom- 
binant IL-7 (interleukin 7; Genzyme) of final concentra- 
tion 1-5 ng/ml, or in the additional presence of stem cell 
factor (SCF) of final concentration 1 -5ng/ml. The co-cul- 
tured fetal T lymphocytes were then gently pipette-re- 
covered. The gene-transferred fetal T lymphocytes (ar- 
ea shown as FIG. 2a) were separated by forward and 
side scatter (FIG. 2) benefiting from smaller, size and 
lower density of fetal T lymphocytes than those of pro- 
ducer cells, followed by separation/purification of viable 



fetal T lymphocytes by fluorescence-activated cell sort- 
er (FACS). 

[0029] Further, by sorting GFP + CD45+cells by flow 
cytometry cell sorter using stained antibody to hemat- 
5 opoietic cell marker CD45, the gene : transferred fetal T 
lymphocytes were distinguished and separated/purified 
from fibroblast-derived virus producer cells. 

Embodiment 8. (Transferred -gene expression by gene- 
10 transferred fetal T lymphocytes) 

[0030] Low level radiation was irradiated in order to 
transiently suppress T lymphocytes of a normal mouse 
(B6). Then the gene-transferred fetal T lymphocytes ob- 

15 tained in Embodiment 7 were introduced into thymus by 
direct injection thereinto. After the mouse was recov- 
ered from the radiation, splenocytes transferred with 
pGD-GFP retrovirus were intra peritoneally injected to 
the mouse, and anti-GFP antibody was analyzed 2 

20 weeks later as antibody titer in blood using enzyme-an- 
tibody method. Anti-BSA (bovine serum albumin) anti- 
body was also analyzed as control. The results are 
shown in FIG. 3. "No treatment" in FIG. 3 means antibody 
titer in blood of an innate normal mouse (B6), and it goes 

25 without saying that the antibody did not develop therein. 
"pGD-GFP ip" means antibody titer in blood when a nor- 
mal mouse (B6) was intraperitoneal^ injected with pGD- 
GFP retrovirus-transferred splenocytes, wherein anti- 
GFP antibody development by GFP expression was ob- 

30 served. "pGD-GFP it" means antibody titer in blood of a 
mouse that was introduced gene-transferred fetal T lym- 
phocytes into thymus (B6), obtained in Embodiment 7, 
when the mouse was intraperitoneal^ injected with 
pGD-GFP retrovirus-transferred splenocytes, and it can 

35 be observed that anti-GFP antibody scarcely developed 
in this mouse. "pGD-GFP it->pGD-GFP ip" means anti- 
body titer in blood of a mouse that was introduced gene- 
transferred fetal T lymphocytes into thymus (B6), ob- 
tained in Embodiment 7, when the mouse was intraperi- 

^0 toneally injected with pGD-GFP retrovirus-transferred 
splenocytes, and it can be seen that anti-GFP antibody 
scarcely developed in this mouse. From the above re- 
sults, the present inventors have confirmed the estab- 
lishment of immunological tolerance to the component 

45 of viral vector-derived GFP in the mouse that was intro- 
duced with gene-transferred fetal T lymphocytes into 
thymus (B6), obtained in Embodiment 7. This means 
that anti-vector immune response can be avoided and 
enables long lasting gene therapy. It has also been con- 

50 firmed that immune response to a foreign substance 
other than the vector component still remains normal so 
that the mouse immune system was not damaged as a 
whole, and that immunnological tolerance specific to a 
vector for gene therapy was elicited. 
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INDUSTRIAL APPLICABILITY 

[0031] The present invention enables to acquire im- 
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munological tolerance to a foreign DNA or its expression 
product by introducing fetal T lymphocytes transferred 
with a foreign DNA such as a foreign DNA-incorporated 
vector or the like into thymus, and by expressing said 
foreign DNA in thymus organ. Also, by the present in- 
vention, a rejecting response to the foreign DNA or its 
expression product can be avoided and gene therapeu- 
tic effect can be sustained for a long time in a stabilized 
condition. Further, a non-human animal that have ac- 
quired immunological tolerance to a foreign DNA such 
as a foreign DNA-incorporated vector of the present in- 
vention etc. or its expression product, are considerably 
useful for studying and developing gene therapy or the 
like. 



is a vector derived from retrovirus, adenovirus, or 
lentivirus. 

8. A method of sustaining a gene therapeutic effect 
5 characterized in that a foreign DNA in gene ther- 
apy is transferred into thymus mediated by fetal T 
lymphocytes. 

9. A method of sustaining a gene therapeutic effect ac- 
10 cording to Claim 8, characterized in that immune 

response caused by a foreign DNA and/or its ex- 
pression product is avoided by introducing a for- 
eign-DNA-transferred fetal T lymphocyte in gene 
therapy into thymus, and by expressing a foreign 
f5 DNA in thymus organ. 



Claims 

1. A method of acquiring immunological tolerance to 
a foreign DNA and/or its expression product char- 
acterized in that the foreign DNA is transferred into 
thymus mediated by fetal T lymphocytes. 

2. A method of acquiring immunological tolerance to 
a foreign DNA and/or its expression product accord- 
ing to Claim 1, characterized in that a foreign- 
DNA-transferred fetal T lymphocyte is introduced 
into thymus and said foreign DNA is expressed in 
thymus organ. 

3. A method of acquiring immunological tolerance to 
a foreign DNA and/or its expression product accord- 
ing to either of Claims 1 or 2, characterized in that 
the foreign DNA is DNA which at least comprises a 
gene coding for a substance causing allergic dis- 
eases or a substance causing auto-immune diseas- 
es. 

4. A method of acquiring immunological tolerance to 
a foreign DNA and/or its expression product accord- 
ing to either of Claims 1 or 2, characterized in that 
the foreign DNA is DNA which at least comprises a 
gene coding for a peptide therapeutic medicament. 

5. A method of acquiring immunological tolerance to 
a foreign DNA and/or its expression product accord- 
ing to any one of Claims 1 to 4, characterized in 
that the foreign DNA is DNA which at least compris- 
es a vector. 

6. A method of acquiring immunological tolerance to 
a foreign DNA and/or its expression product accord- 
ing to Claim 5, characterized in that the vector is 
a viral vector for transferring a foreign gene. 

7. A method of acquiring immunological tolerance to 
a foreign DNA and/or its expression product accord- 
ing to Claim 6, characterized in that the viral vector 



1 0. A method of sustaining a gene therapeutic effect ac- 
cording to either of Claims 8 or 9, characterized in 
that the foreign DNA is DNA which at least compris- 

20 es a vector. 

1 1 . A method of sustaining a gene therapeutic effect ac- 
cording to Claim 1 0 characterized in that the vec- 
tor is a viral vector for transferring a foreign gene. 

25 

1 2. A method of sustaining a gene therapeutic effect ac- 
cording to Claim 11 characterized in that the viral 
vector is a vector derived from retrovirus, adenovi- 
rus, or lentivirus. 

30 

1 3. A non-human animal that has acquired immunolog- 
ical tolerance to a foreign DNA and/or its expression 
product characterized in that the foreign DNA is 
transferred into thymus mediated by fetal T lym- 

35 phocytes. 

14. A non-human animal that has acquired immunolog- 
ical tolerance to a foreign DNA and/or its expression 
product according to Claim 13, characterized in 

40 that a foreign-DNA-transferred fetal T lymphocyte 
is introduced into thymus and said foreign DNA is 
expressed in thymus organ. 

15. A non-human animal that has acquired immunolog- 
45 ical tolerance to a foreign DNA and/or its expression 

product according to either of Claims 1 3 or 1 4, char- 
acterized in that the foreign DNA is DNA which at 
least comprises a vector. 

so 16. A non-human animal that has acquired immunolog- 
ical tolerance to a foreign DNA and/or its expression 
product according to Claim 15 
characterized in that the vector is a viral vector for 
transferring a foreign gene. 

55 

17. A non-human animal that has acquired immunolog- 
ical tolerance to a foreign DNA and/or its expression 
product according to Claim 16 characterized in 
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that the viral vector is a vector derived from retro- 
virus, adenovirus, or lentivirus. 

18. A non-human animal that has acquired immunolog- 
ical tolerance to a foreign DNA and/or its expression 5 
product according to any one of Claims 13 to 17, 
characterized in that the non-human animal be- 
longs to rodents. 

19. A non-human animal that has acquired immunolog- 10 
ical tolerance to a foreign DNAand/or its expression 
product according to Claim 18 characterized in 
that the non-human animal which belongs to ro- 
dents is a mouse. 
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